Lupus nephritis (LN) affects many patients with juvenile systemic lupus erythematosus (SLE) and is a significant cause of disease morbidity. Membranous plus proliferative LN (M þ PLN) may represent a more difficult to treat subtype of juvenile LN, compared to isolated proliferative LN (PLN). In this retrospective observational study, we utilized data from the Childhood Arthritis and Rheumatism Research Alliance (CARRA) registry to compare response rates for pediatric M þ PLN versus PLN. Response was assessed at the most recent CARRA registry visit gathered !6 months after diagnostic kidney biopsy. Estimated glomerular filtration rate (GFR) less than 90 ml/min/1.73 m 2 , indicating renal insufficiency, was found in 16.1% of patients with M þ PLN and 6.1% of patients with PLN (P ¼ 0.071). We found no significant difference in achievement of response in either hematuria or proteinuria between PLN and M þ PLN groups or between subgroups determined by presence of class III vs. class IV proliferative disease. Exposure rates to mycophenolate, cyclophosphamide, and rituximab were similar between groups. Future studies will be necessary to correlate pediatric LN renal histology data with treatment response as well as other disease outcome measures. Lupus (2014) 23, 898-904.
Introduction
Children and adolescents with systemic lupus erythematosus (SLE) frequently develop lupus nephritis (LN), with approximately 50% showing evidence of kidney involvement. 1 Severity of juvenile LN is in large part determined by histology found on kidney biopsy, as graded by the International Society of Nephrology/Renal Pathology Society (ISN/RPS) classification. 2 Presence of proliferative LN, defined as ISN/RPS class III or IV, and failure to attain remission of juvenile LN are risk factors for the development of chronic kidney disease and poor outcomes. [3] [4] [5] [6] [7] [8] Treatment of proliferative LN with conventional first line immunosuppressive agents such as cyclophosphamide (CYC) or mycophenolate (MMF) is not effective for a significant percentage of patients with juvenile SLE, with reported failure rates for induction treatment ranging from 10% to 43%. 9, 10 This study is the first comparison of response rates for membranous plus proliferative LN (M þ PLN) versus isolated proliferative lupus nephritis (PLN) in juvenile LN. Data from studies of LN in adult patients suggests that combined M þ PLN may be associated with a poorer treatment response. Najafi et al. examined remission rates of severe LN under an oral CYC treatment regimen and found that only 27% of patients with class IV þ V LN by ISN/RPS criteria entered remission after 120 AE 65 months of follow-up, compared with 51% of patients with class IV LN. 11 Sloan et al. reported remission rates for class IV þ V LN of only 21% after treatment with oral CYC and after 2.7 AE 5.4 years of follow-up. 12 However, it is important to note that prospective studies directly comparing patients with M þ PLN to those with isolated PLN have not been performed, and that the potential association between M þ PLN and treatment resistance has not been definitively demonstrated. More recently, Bao et al. reported a complete or partial remission rate of 45% after 6 months of IV CYC treatment in patients with class IV þ V LN, 13 and this compares favorably to the complete or partial remission rate of 30% reported by Ginzler et al. for a group of patients treated with IV CYC, 70% of whom had PLN with no membranous involvement. 14 Whether M þ PLN represents a more treatment resistant histologic class in juvenile LN is unknown.
To attempt to answer this question, we utilized data from the Childhood Arthritis and Rheumatology Research Alliance (CARRA) observational registry of pediatric rheumatology patients to document prevalence and compare remission rates for PLN and M þ PLN in this cohort.
Methods

Data source
The CARRA registry (CR) is an observational longitudinal data capture study that encompasses all major pediatric rheumatic diseases. Fifty-nine active CARRA clinical sites participate in the CR and represent the majority of pediatric rheumatology centers from all major geographic regions of the United States. Patients with juvenile SLE were eligible for recruitment into the CR if they met revised 1997 ACR classification criteria for diagnosis of SLE, 15 they developed juvenile SLE at 18 years of age, and their enrollment into the CR occurred at 21 years of age. After obtaining Institutional Review Board approval, we analyzed clinical and demographic data from CR registry patients with biopsy-confirmed PLN or M þ PLN as per ISN/RPS classification criteria. We used deidentified data from all active clinical sites from the start of the CR in May 2010 through March 2013.
Assessment of response to therapy
Response was assessed by evaluation of the independent clinical parameters of proteinuria and hematuria. Criteria for response were defined by the CR clinical data, which is collected at each CR patient visit in the form of binary survey questions (e.g. ''Has the patient had a protein/creatinine ratio >0.5 in the last 10 days? Yes or No'' and ''Has the patient had >5 RBC/hpf on urinalysis in the past 10 days? Yes or No''). Response of proteinuria was defined as protein/creatinine ratio of <0.5. Response of hematuria was defined as <6 RBC/ hpf on urinalysis. Response of hematuria and proteinuria was assessed at the most recent CARRA registry visit gathered !6 months after diagnostic kidney biopsy. Clinical data from the time period prior to patient enrollment in the CR was not included in the CR, and therefore this data was not available for analysis.
Exclusion criteria for response analyses
Patients were excluded from response analyses if 1) the most recent CR visit was <6 months after diagnostic kidney biopsy or 2) clinical data for the response parameter was not available for a CR visit !6 months after diagnostic kidney biopsy.
Calculations and statistical analysis
Estimated glomerular filtration rate (GFR) was calculated using the Schwartz formula. 16, 17 Chi-square test or Fisher exact test was used to evaluate associations between type of nephritis and categorical variables, as appropriate. Two-sample t-test, Wilcoxon Rank Sum test, or Mann-Whitney U test was used to evaluate associations between type of nephritis and ordinal and continuous variables, as appropriate.
Results
Patient characteristics
We identified 320 CR patients with juvenile SLE and juvenile LN diagnosed by renal biopsy. Of these, 185 had PLN and 38 had M þ PLN (Table 1) . Gender distribution, age at onset of juvenile SLE, duration of juvenile SLE, SLEDAI scores at the most recent CR visit, and frequency of antinuclear antibody (ANA) positivity were similar between both groups. Estimated GFR less than 90 ml/min/1.73 m 2 , indicating renal insufficiency, was found in 16.1% of patients with M þ PLN and 6.1% of patients with PLN (P ¼ 0.071).
Medication exposure
Data regarding prior and current medication exposures was available for 184 of the patients with PLN and 38 of the patients with M þ PLN ( Figure 1 ). The percentage of patients with exposures to CYC, MMF, and rituximab were similar between PLN and M þ PLN groups, as well as between subgroups determined by presence of class III vs. class IV proliferative disease. Rates of CYC use were higher for patients with class IV LN compared to patients with class III LN (77% vs. 35%, P < 0.0001).
Response of hematuria and proteinuria
Inclusion of patients in our response analyses and the number of patients in each group who achieved response at their most recent CR visit is depicted in Figure 2 . We found no significant difference in achievement of response in either hematuria or proteinuria between PLN and M þ PLN groups or between subgroups determined by the presence of class III vs. class IV proliferative disease ( Figure 3 ).
Patients with class IV and class IV þ V juvenile LN were re-categorized into groups based on presence of global vs. segmental glomerular inflammation on biopsy, irrespective of the presence of membranous disease. Of these patients, those included in the response analysis for hematuria were comprised of 34 subjects with global proliferative disease (class IV(G)), 27 with segmental proliferative disease (class IV(S)), and 48 for whom type of glomerular proliferative disease was not reported. Those included in the proteinuria analysis were comprised of 33 with global, 27 with segmental, and 46 for whom the type was not reported. Based on the available data, we found no significant difference in response of either hematuria (75% of patients with response vs. 85%, P ¼ 0.52) or proteinuria (76% vs. 92%, P ¼ 0.16), for patients with global vs. segmental class IV juvenile LN, respectively.
Discussion
Histopathologic classification of juvenile LN contributes significantly to the determination of disease severity. Presence of proliferative glomerulonephritis has been well established as a poor prognostic factor, 3, 6 and therefore patients with class III or class IV LN are generally treated with more aggressive immunosuppressive therapy. Failure to attain remission and failure to avoid flares of juvenile LN are well-established risk factors for end-stage renal disease, highlighting the importance of effective treatment for juvenile LN. 4, 5 Identification of a subset of juvenile LN patients who are at increased risk for treatment failure would be valuable, as it would allow for the focused development of new treatment strategies. Data from studies in adult patients suggests that M þ PLN may be more refractory to treatment than PLN. 11, 12 In fact, some authors have gone so far as to conduct prospective, randomized trials of novel induction regimens for M þ PLN, based on the premise that this histologic subtype is less responsive to conventional treatment. 13 However, it is important to note the lack of studies directly comparing treatment outcomes of M þ PLN and PLN, as defined under the ISN/ RPS classification system. An issue of particular importance arises for studies which utilized the 1982 World Health Organization (WHO) classification, 18 because under this schema, what would be considered class IV LN by the ISN criteria is split into two separate categories, category III>50% and category IV, which are defined by the presence of segmental vs. global glomerular inflammation, respectively. If an analogous separation of patients with M þ PLN into two similar categories is not performed (as it often was not) then direct comparison of PLN and M þ PLN patients is not possible.
For example, Najafi et al. demonstrated a substantial and significant difference in remission rates for WHO category IV LN compared to a M þ PLN category defined by combining WHO category Vc (>50%) and WHO category Vd (60% vs. 27%, respectively.) Although this data was cited by Bao et al. as justification for a prospective trial of a novel induction regimen for treatment of patients with M þ PLN, it is important to note that WHO category III >50% patients were excluded from this comparison. 13 Additionally, these category III >50% patients had significantly lower remission rates (38%) than the category IV patients in the same study, suggesting that exclusion of these patients from the comparison limits its value, at Although the clinicopathologic association of class IV LN with worse outcomes has been well described in both the adult [19] [20] [21] and pediatric literature, [3] [4] [5] [6] [7] [8] attempts to correlate more specific and detailed renal histopathology findings with disease outcomes or with achievement of disease response have been limited and sometimes contradictory. Notably, Marks et al. studied the clinical outcomes of 39 patients with juvenile LN and found that diffuse glomerular inflammation, as defined by ISN class IV(G), was associated with worse outcomes than segmental LN, as defined by class IV(S). This stands in direct contrast to the data from adult studies mentioned above. 22 In this study, we found no difference in response rates between class IV(G) and class IV(S) patients.
Our study is a novel attempt to answer the question of whether M þ PLN represents a more treatment refractory subtype of juvenile LN, and it is the largest such study to date. The CR represents an extremely large and valuable source of data pertaining to pediatric rheumatology patients and their diseases. Nevertheless, CR data does have some unavoidable limitations. Notably, there are missing data. For example, for reporting of serum creatinine, ''not done'' is an option on the CR data collection surveys. Thus, a certain number of patients were excluded from specific cross-sectional analyses depending on the availability of pertinent data. Gender distribution, age at onset of juvenile SLE, duration of juvenile SLE, SLEDAI scores at the most recent CR visit, and frequency of antinuclear antibody (ANA) positivity were similar between both groups. Rates of ANA positivity, approached, but fell short of 100%, which is perhaps a surprising finding in a group of patients for whom the expectation would be 100% positivity for ANA. We believe that this finding can be explained in part by missing data. Interestingly, we found no significant difference in rates of response for M þ PLN vs. PLN, suggesting that current therapies are equally effective for both subtypes of juvenile LN. Rates of CYC use were significantly higher for patients with class IV LN compared to patients with class III LN, which may reflect a notable but unexplained practice trend in the pediatric community. Although rates of response were similar, we did note increased prevalence of renal insufficiency, defined by ESR <90 mL/min/1.73 m 2 , in the group with M þ PLN. This finding is difficult to interpret due to possible confounding factors such as missing patients and the difference in LN disease duration between the two groups. It must be noted that data pertaining to height and/or serum creatinine was not entered in the CR for every patient visit, and this missing data made it impossible to calculate estimated GFR for 23 patients from the PLN group and seven patients from the M þ PLN group. Although we did not find a significant correlation between presence of segmental vs. global glomerular injury and achievement of response, this analysis was limited by the large percentage of patients for whom this histologic data was unavailable.
This study was inherently limited due to its cross-sectional, retrospective design. The ideal method for addressing our research question would be a prospective, randomized, double blind, controlled clinical trial. We must acknowledge as well that the use of differing definitions of response to therapy can substantially influence the ability to detect a therapeutic difference between patient groups. 23, 24 Our definitions of response for proteinuria and hematuria were confined by our data set. Additionally, the absence of baseline pre-treatment renal parameters did not allow for assessment of a serial measure of response after initiation of therapy. Recent LN trials have used measures of response determined at unified time points after initiation of treatment. Because diagnosis of LN preceded enrollment in the CR for many of the patients included in our analysis, clinical data collected at first presentation (i.e. at time of renal biopsy) were not available. Specifically, data regarding complement levels, presence or level of anti-dsDNA antibody, measures of hematuria, proteinuria, and serum creatinine were not available for time points preceding CR enrollment. Given the variable length of time for each patient between diagnosis of LN and enrollment in the CR, analysis at a unified time point for all patients was not possible. Nor was it possible to do a survival analysis for time to outcome. Thus, our cross-sectional analyses included patients who had undergone variable lengths of treatment, and therefore may have been more or less likely to meet response criteria.
Additionally, although available data on use of immunosuppressant medications suggests that treatment was similar between groups, it is important to note that detailed information regarding the steroid dosage of individual patients was not available, and therefore differences in corticosteroid dosage between groups may have been unaccounted for. Data on use of angiotensin-converting-enzyme-inhibitors and angiotensin-receptor-blockers was also not available, and may have influenced measures of proteinuria. Renal biopsies, although interpreted according to standardized diagnostic criteria, were read by numerous pathologists at different institutions and therefore may have been subject to varying methods of interpretation.
Despite its limitations, this study remains informative. We observed high rates of response in our study population in both patient groups, as well as a trend toward more renal insufficiency in the M þ PLN group. Future longitudinal, prospective, controlled studies will be needed to examine the relationship between renal histopathology and treatment response in juvenile LN. As the pediatric rheumatology community makes progress in the design and implementation of prospective, multi-center studies utilizing consensus treatment plans for juvenile LN, it will be important to capitalize on this opportunity to collect detailed, precise, and complete renal histopathology data and to correlate this data with treatment response as well as other disease outcome measures.
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